Heparin, aspirin and dipyridamole were given alone or in combination to gro~lps of sheep which had polyethylene catheters inserted into facial and saphenous veins. Animals were killed after 3 or 9 days. Neither aspirin nor dipyridamole reduced the amounts of thrombus on the catheters at autopsy: Heparin reduced thrombus only when sufficient was given to reduce blood coagulatIOn.
INTRODUCTION
Deep vein thrombosis is a serious potential complication of hospitaliz~d patien!s: Several drugs including hepar~n, aspm~ and dipyridamole have been gIven to patIents to reduce the risk (Gallus and Hirsch 1978) . Much of the information on antithrombotic drugs has been obtained in clinical tr.ials ?s the condition is not directly reproducIble III animal models.
Deep vein thrombos~s ori~inates 'Yith small nidi under valve flaps III veIllS (SevItt 1974) . The reasons for the formation of these nidi are unknown. Most nidi are asymptomatic and regress but occasionally one will grow to form an intraluminal thrombus which is likely to break off and float to the lungs producing a pulmonary infarct. H.istological evide~ce indicates that both the mdus and the groWIllg thrombus result from deposition of platelets, fibrin and possibly white cells with the enmeshment of erythrocytes (Wray et al. 1974 ).
An analogous situation where thrombus grows in the blood stream is where it forms on the surface of intravascular catheters (Hoshal et al. 1971 , Ahmed et al. 1976 ). In a previous paper (Spanos and Hecker 1976 in which three factors which influence formation of l'hrombus on intravascular catheters, catheter diameter, type of plastic and duration of catheterization were investigated. The results from those experiments suggested that our sheep model was suitable for study of other aspects of thrombus formation .. In th,is paper, we present results ?f an expen~ent III which three potentially antIthrombogemc drugs were tested for their ability to reduce thrombus formation on intravenous catheters in sheep.
MA TERIALS AND METHODS
The mature Merino ewes which were given drugs were similar to and from the same flock as those used in our previous experiments (Spanos and Hecker 1976, Hecker et al. 1976) . Three millimetre polyethylene catheters (Dural Plastics Ltd., Dural, N.S.W.) were inserted into saphenous and facial veins using aseptic techniques. In all animals, the left saphenous vein was catheterized with about 70 cm of tubing while the left facial vein was catheterized with a 25-30 cm length. In some animals, the right saphenous vein. was al~o catheterized with 35-37 cm of tUbIllg and III other animals 25-30 cm was also inserted into the right facial vein. Control animals (not given drugs) were those used in our previ,?us experiment (Spanos and Hecker 1976 ) WhICh had the left saphenous and facial veins catheterized with the same type of tubing and which were killed at either 3 or 9 days after catheterization. sic at 0, 5 and 10 hours " sic at 0 and each 12 hours 10,000 I.U. sic at 0 and each 12 hours 20,000 LU. sic at 0 and each 12 hours Details of drugs given are shown in Table 1 . The two animals in each of groups 2 and 4 and one in group 5 received the aspirin and/or dipyridamole by infusion through a saphenous vein catheter while other animals were given aspirin and/or dipyridamole as single doses through small cannulae inserted via a duo den ostomy into the abomasum (Hecker 1974) . Animals receiving heparin (groups 6-10) and their controls (group 5) were killed after three days while other animals (groups 1-4) were killed after nine days. Death was by exsanguination and iust before death each animal was given 5,000 LD. of heparin intravenously to prevent clotting of blood around catheters. Catheterized vessels were dissected and opened and thrombus on catheters was weighed by methods described previously (Spanos and Hecker 1976) .
In sheep in which right as well as left vessels were used, there were no substantial differences in amounts of thrombus between sides and results are presented for catheters in the left saphenous and facial veins only.
Before statistical analyses (Analysis of Variance and Duncan's test (Duncan 1955) ), control groups (groups 1 and 5) were each solit into two so as to give groups of equal size. Then data was transformed by calculating square roots as this transformation normalizes the distributions and produces homogeneity of variances (Campbell 1974) .
RESULTS
The results are shown in Table 2 . Neither aspirin nor dipyridamole given either alone or in combination affected the amounts of thrombus that formed. Similarly heparin given at the rate of 5.000 LU. (subcutaneously) per 5 hours for 10 hours or each 12 ,hours did 1  2  3  4  5  6  7  8  9 10   4  2  2  2  6  3  3  3  3  3  9  9  9  9  3  3  3  3  3 not decrease thrombus formation. The combination of heparin (5,000 LD. per 12 hours), aspirin and dipyridamole had no effect in saphenous veins but did reduce thrombus in the facial vein. The only treatments which did reduce thrombus formation substantially in each vessel were heparin given at rates of 10,000 and 20,000 I.D. each 12 hours. It was noticed at autopsy that subcutaneous haemorrhages were present at several sites in animals which had received 10,000 or 20,000 LU. per 12 hours but not in animals in the other groups.
Statistical analysis indicated that results from groups 9 and 10 had significantly less thrombus than did grouos 5-8. Overall there was no significant difference between groups 1-4, between groups 5-8 or between groups 9 and 10.
DISCUSSION
This experiment was started with the hope that a simple drug treatment might reduce or abolish thrombus formation on intravascular catheters in sheep, so enabling catheters to be kept patent for long periods. The drugs were selected on the basis of being commonly used for the prevention of deep vein thrombosis in humans. Dose rates with the exception of the higher heparin dosages are representative of those used in humans (GaIIus and Hirsch 1978) . However the sheep used were of about 35 Kg body weight and hence lighter than most adults. Thus the dose rates used were higher than typically used for humans on a bodv weight basis.
The subcutaneous heparin was partially effective at 10,000 :md 20,000 LD. per 12 hours but not at 5,000 LD. per 12 hours. It was noted that Lee White clotting times were extended for the first two rates but not for the last and also that subcutaneous haemorrhages were present at autopsy in sheep given heparin at higher rates. This suggests that inhibition of fibrin formation is important in preventing this type of thrombus. This concept has been suggested by others Packham 1978, Morris and Mitchell 1977) . Also in sheep, Hunt et al. (1966) observed that arterial thrombus induced by an electrical method was inhibited by heparin at 10,000 1.U. per 8 hours, a dose which increased Lee White clotting times substantially.
Heparin was given to one group for 10 hours and then discontinued to look for a rebound effect. Rebound effects after cessation of heparin have been observed in pigs . No rebound effect was seen in this experiment.
Aspirin and dipyridamole were each given to a total of seven animals but neither drug appeared to reduce the amount of thrombus that formed on catheters. These drugs are believed to inhibit thrombus formation through inhibition of platelet function (Mustard and Packham 1978) . Although they have been used widely, evidence for their efficacy against various types of thrombosis in humans and in experimental animals is variable (Morris and Mitchell 1977 , Genton et al. 1975 , Gallus and Hirsh 1978 . Therefore a lack of effectiveness against thrombus formation on catheters in sheep is not unexpected. Olson et al. (1974) obtained evidence that venous thrombus would still form in thrombocytopenic dogs.
Little has been published on effects of drugs on thrombus formation on catheters. Kricheff et al. (1973) showed in experiments lasting up to 2.5 hours that aspirin reduced thrombus formation on radiological catheters in the vena cava of the cat. Pussell and Pitney (1972) , when using low dose heparin for prevention of deep vein thrombosis in humans, showed with radioisotope labelled fibrinogen that the incidence of thrombus formation on 'panic needles' was similar in treated and control patients. With a similar result to that obtained here, Wall ace et al. (1973) showed in dogs that systemic heparinization sufficient to prolong the coagulation time significantly minimized thrombus production.
This catheter model appears to be suitable for testing antithrombogenic drugs. The experiments reported used only venous catheters and showed that prevention of fibrin formation was more important than inhibition of platelet function. This result is compatible with the 'red' nature of venous thrombus. A logical extension of the model would be the additional cannulation of a large artery or aorta to obtain information on arterial (white) thrombus.
It may be that some other species is more similar to the human than the sheep in thrombus formation. We have found for instance that aspirin at high concentrations potentiates aggregation of sheep platelets (H.G.S., unpublished) whereas it inhibits human platelet aggregation. There is a dearth of information on species comparisons of factors involved in thrombus formation and until such information is available the best species for testing anti thrombogenic drugs for human use remains unknown.
